Penicillium griseoroseum was grown in bioreactors on mineral medium supplemented with yeast extract and sucrose. The influence of inoculum and carbon source concentrations, aeration and pH on pectin lyase (PL) production, as well as the capacity of P. griseoroseum to produce PL when grown on sugar cane syrup as carbon source were evaluated. Inoculum concentration did not influence PL production. Production was higher in nonaerated than in aerated medium. The best results were obtained using 60 mM sucrose at pH 6.3-7.2. Production using cane syrup 25% (v/v), without yeast extract supplement, was equal to that obtained under the conditions cited above.
INTRODUCTION
The utilization of microbial enzymes has found broad technological application in different industrial processes. Among the various enzymes commercialized, many are products of fermentation of filamentous fungi. Fungal pectinases are used in the food industry for the production of fruit juices, olive oil and wine to increase fruit juice and olive oil extraction yields and in the clarification of juices and wines. Pectic enzymes can also be used in the textile industry to degrade the pectin layer which covers cellulose fibers, thereby freeing the fibers for further processing (31) .
Degumming of ramie is currently performed chemically, using hot alkaline soda. Deshpande and Guriecharanam (14) showed that natural fibers obtained by a combined chemical and enzymatic degumming process are of superior quality to those obtained by the chemical process alone. Another advantage of the combined process is the reduction of environmental pollution, since the volume of caustic soda used is reduced.
Among the pectinases, pectin lyase (PL) is of particular interest because it acts directly on pectin without the need for previous action by other enzymes of the pectinolytic complex (1) . Degumming of ramie fibers with PL of Penicillium griseoroseum produces fibers with quality superior to those produced by a commercial enzyme complex because P. griseoroseum does not produce cellulolytic enzymes (10) . Enzymes may be either constitutive or inducible. Inducible enzymes are, generally, produced at low level when the organism is grown in the absence of enzyme inducers. To pectic enzymes those inducers may be polygalacturonides, galacturonic acid, pectins or other pectic substances (18) . Inducers, many times, are of high cost. So, means of alternative costs which promote the production of those enzymes are researched (16, 19) .
Among the filamentous fungi, some of the genus Penicillium are good producers of PL (1) . Penicillium griseoroseum produces PL when grown in a medium containing pectin (10), its natural inducer. However, its capacity of producing the enzyme when grown in sucrose without the presence of pectic substances was found (11) . Studies show that the PL activity obtained is greater in this condition than when the cultivation mean is made up of pectin. Nevertheless, the addition of small contents of yeast extract, 0.6 g.L -1 , proved necessary for PL production by P.griseoroseum when grown on sucrose (6) . Induction of PL by some organic and inorganic compounds present in the yeast extract was investigated, being suggested that, probably cAMP present in the supplement is involved in the process (5) . As in Brazil , sucrose is a low cost source of carbon and energy, its use in the cultivation of the fungus for obtaining PL is interesting.
The objective of the present study was to improve PL production by P. griseoroseum grown under different culture conditions in bench-scale bioreactors.
MATERIALS AND METHODS

Microorganisms
Penicillium griseoroseum CCT 6421 (Coleção de Cultura Tropical, Campinas, SP, Brazil) was isolated from seeds of forest tree species at the Department of Phytopathology of the Federal University of Viçosa, Minas Gerais, Brazil.
Culture conditions
The inoculum was obtained from P. griseoroseum cultures grown on oat agar for 9 days at 25ºC. The medium (MM) used for fungal culture was composed, except were mentioned, of (g.L 
Growth determination
Culture were harvested by filtering through a 400-mesh sieve (37-µm pore size) and growth was determined according to Calam (12) .
Enzyme assay
PL activity was determined in the culture supernatant spectrophotometrically (A 235 ) according to Albersheim (2) as modified by Minussi et al. (26) . Unit of PL activity (U) was defined as nanomoles of ∆ 4,5 galacturonide produced per mL of culture supernatant per minute of reaction, based on the molar extinction coefficient (5,550) of the insaturated products (2).
Residual sugar determination
Free glucose concentration in the culture medium was determined by using glucose oxidase (GOD-PAK, commercial kit available from Merck). Residual sucrose was determined after its hydrolysis with 1% (w/v) invertase (Sigma) at a 1:1 supernatant:enzyme volume ratio, in 50 mM acetate buffer, at pH 4.5 and 50ºC for 12 hours, followed by quantification of the glucose liberated by the glucose oxidase method.
RESULTS AND DISCUSSION
The capacity of microorganisms to produce extracellular enzymes is influenced by environmental conditions such as temperature, pH, aeration, inoculum age and the presence of inducer or repressor substrates (15) . Initially, the influence of the aeration of the cultivation medium of P. griseoroseum was investigated.
The observed activity of PL produced by P. griseoroseum grown under different modes of aeration is shown in Fig. 1 . In the present study, PL activities of 27.2 units were obtained when air was bubbled through the medium via a sparger (treatment A, Fig. 2A ) and 25.6 units when no air was added (treatment C, Fig.  2C ). These activities were not significantly different at the 5% level (Duncan test). However, significantly lower PL activity (15.2 units) was obtained when air was injected into the bioreactor void volume (treatment B, Fig. 2B ). Those PL activities obtained by the fungus cultivation in sucrose and yeast extract regardless of the influence of the aeration were about 13 times as great as those obtained by Brumano et al. (10) in growing the fungus in a medium containing pectin, the natural inducer of the enzyme. Those activities were also greater than those obtained by Santiago (29) by the cultivation of Penicillium expansum in the presence of pectin or by those obtained by the cultivation of other species of Penicillium (1,3). However, as compared with the activity obtained by the cultivation that a mutant species of Aspegillus niger (36) , the ones obtained in this work were around 1,000 greater smaller. But the comparison among the results obtained with those of the literature is difficult, since, in the several works on PL published, the enzyme activity was determined by different methodologies (7) . The calculation of the conversion factors Y P/X for the three treatments show that in treatment A, where the fungus grew in a immobilized form, the factor was greater, 41.1, followed by 33.2 for treatment B and 23.6 for C. That shows that in spite of the enzymatic activity in treatment B having been very low, there was a greater PL production per unit of mycelial mass than in treatment C. Comparing the results with those obtained by Santiago (29) for P. expansum, PL activity per unit of mycelial mass of P. griseoroseum was about two times greater.
Friedrich et al. (17) showed that agitation and aeration affect PL, pectin esterase (PE), polygalacturonase (PG) and biomass production in a submerged culture of Aspergillus niger. Aspergillus awamori has also been shown to produce pectinases differentially when grown under various aeration regimes (15) . In treatments B and C, the fungus grew dispersed as pellets in the culture medium, whereas in treatment A the mycelia adhered to the surface of the air sparger. The growth of filamentous fungi is made by the determination of the weight of the dry mycelium when the type of cultivation utilized is submerse, provided the medium is not made up of solid particles as for example cereal meal (13, 23) . In obtaining the filamentous growth, the samplings are more homogeneous if the cultivation medium is being stirred adequately and there will be no adherence on the internal surfaces of the reactor. However, when growth takes place in the form of pellets, there is a great difficulty in obtaining representative samples, one having then to increase the number of samples collected in each time and increase also the volume of each sample. But, in that experiment all the mycelia present in the bioreactor were collected at one time after 48 hours' cultivation, no sample being collected before that period.
Studies on A. awamori immobilized in a polyurethane sponge showed that this fungus produces 2 to 2.5 times more pectinase in the immobilized than in the free form (8) . The process of immobilized fungal growth, as in the case of P. griseoroseum in the system using air sparging (treatment A), can lead to physiological alterations. One possible alteration can affect cell membrane permeability, promoting an increase in enzyme secretion in some cases (34) . Hermsdörfer et al. (22) concluded that the biosynthesis of PG by A. niger is related to mycelial morphology. Specific activity of PG increases with the degree of mycelial compaction. The authors suggest that the synthesis of PG by A. niger is strictly related to limited oxygen and nutrient supplies.
Mycelial pellet formation is, in some cases, a prerequisite for high enzyme production. Aspergillus oryzae grown in the form of mycelial aggregates increases several fold the production of aamylase (8) . It is known that the growth of filamentous microorganisms as dispersed elemental hypha or as pellets is affected by pH of the medium, inoculum concentration and presence of surfactants (28) . However, Friedrich et al. (17) found no difference in PL and PG production in broth fermented by A. niger grown in a fermenter, using 10 2 to 10 8 spores L -1 . In spite of the possible influence of inoculum concentration on morphology and enzyme production in filamentous fungi, P. griseoroseum was not shown to be affected by this parameter (date not shown). Fungal growth occurred in the aggregated form for all spore concentrations tested, without any significant differences in PL production. An inoculum concentration of 5 x 10 4 spores mL -1 was chosen for the remainder of this study.
The pH of the cultivation medium is an important factor in the production of pectinases for it influences the sort and content of those enzymes produced by fungi. High polygalacturonase and pectinesterase activities were verified in more acid cultivation pH, 4.5 and 5.0, and of PL pH close to the neutral, 5.0 to 7.0 (33). The PL activity, verified after cultivation of P. griseoroseum in a medium with initial pH between 5.6 and 8.0 did not differ among them (5% level) (Fig. 3) . A pH value of 6.8 was chosen for the remainder of this work since PL shows optimum activity at this value (18) . The enzymes possess one or a pH range optimum of activity. The pH of the medium in which the enzyme is exposed affects the ionization state of its amino acids which dictate the primary and secondary structure of the enzyme, so controlling its activity (21) . The influence of pH of the cultivation medium may be related directly with the stability of enzymes (33) . Studies with PL of P. expansum showed that in spite of the optimum activity pH of PL to be 7.0, the enzyme kept stable between the pH 6.5 to 8.0 (29), however the mechanism by which pH acts on the production of pectic enzymes is not known.
Significant PL production (65 units) was obtained by growing P. griseoroseum in medium containing 60 to 74 mM sucrose (Fig.  3C) . At the lower concentrations of carbon source utilized (11 and 19 mM), sucrose and glucose were depleted from the medium after 36 hours of growth ( Fig. 3A and B) . This justifies the low enzyme production observed under these growth conditions. It is known that the use of sucrose or glucose as substrate affects enzyme synthesis, with catabolic repression being observed when these substrates are at levels above 15 to 30 mM (32). This type of relationship occurs not only in bacteria but also in fungi like A. niger, leading to interruption of PG and pectin esterase (24) and in P. expansum leading to reduction of PG synthesis (27) . Schimidt et al. (30) also observed this phenomenon when growing A. niger in a fermenter using sucrose as carbon source. However, in the present study, PL production by P. griseoroseum does not appear to be influenced by concentrations of sucrose used or by the free glucose in the medium.
Sugar cane syrup proved to be a good substrate for growth of P. griseoroseum in a bioreactor (Fig. 4A ) using buffered medium. This result was expected since in experiments performed in Erlenmeyer flasks this fungus presented high PL production efficiency (25) . The observed enzyme activity of 72 units was below that obtained previously (approximately 110 units) but was higher than that obtained in the present study when the fungus was grown on sucrose. It is suggested that this difference in the quantity of PL in the medium is due to growth morphology, since in the mixing mode used the fungus grows as mycelial filaments and not as pellets. Filamentous growth can alter the fermentation broth rheology, thereby lowering oxygen and nutrient diffusion to the fungus, since lowering the viscosity of the medium decreases homogenization efficiency (9) . Under these limiting conditions, enzyme production can be affected. Another possible explanation for the effect of fungal morphology on the quantity of enzyme is the dependence of enzyme production on growth in pellet form in P. griseoroseum. The relationship between fungal morphology and metabolite production was evidenced for production of PG (22) and gluconic acid (35) by A. niger and of xylanase by A. sydowii (20) . The addition of yeast extract to the buffered medium did not affect PL production (Fig. 4) . It is suggested that the low PL production observed in the unbuffered medium was responsible for the large pH drop (Fig. 4B ) during the fermentation. Preliminary studies revealed that the addition of tea extract to the sucrose-containing medium also induces PL production. The possible inducers present in tea were methylxanthines. The sugar cane juice contains from 0.15 to 0.25% pectic substances, from 0.3 to 0.6% nitrogen containing compounds (aminoacids and xanthinic compounds) and 5.5% cellulose, among other compounds (26) . It is possible that addition of yeast extract to the sugar cane juice was not necessary because of presence of pectic substances, which are natural pectinase inducers. Besides pectic substances, xanthines may also contribute, together with sucrose, to PL production.
The present study shows that pectin lyase production by P. griseoroseum in medium containing sucrose or sugar cane syrup as sole carbon and energy source is possible and that this fungus shows promise for future use in industrial PL production.
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RESUMO Produção de pectina liase por Penicillium griseoroseum em biorreatores em ausência de indutor
Penicillium griseoroseum foi cultivado em biorreatores em meio mineral suplementado com extrato de levedura e sacarose. As influências das concentrações do inóculo e da fonte de carbono, da aeração e do pH do meio de cultivo sobre a produção de pectina liase (PL), bem como a capacidade de P. griseoroseum em produzir PL quando cultivado em caldo de cana diluído foram avaliadas. A concentração do inóculo não influenciou significativamente a produção de PL. O cultivo do fungo em biorreatores não aerados favoreceu a produção da PL em detrimento aos biorreatores com injeção de ar. Maior produção de PL foi obtida com o cultivo de P. griseoroseum em meio com pH 6,3 -7,2, adicionado de 60 mM de sacarose. Quando cultivado em caldo de cana diluído, 25% (v/v), sem suplementação com extrato de levedura, a atividade máxima de PL alcançada foi igual as das condições citadas acima. 
